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PREFACE

Credit for the concept of a celebration to mark the 30th anniversary of the first free flight of the X-15 rocket-
powered research aircraft belongs to Milton O. Thompson, Ames-Dryden Flight Research Facility (DFRF) Chief
Engineer and himself a former X-15 research pilot. With the Ames Research Center management solidly behind
us, a small committee was formed to develop the program and see that the multitudinous tasks were accomplished
and necessary policies established. Milt applied his legendary powers of persuasion and obtained commitments
to participate from X-15 program alumni and other acrospace notables. A firm prior commitment, however, did
preclude participation by former X-15 pilot Neil Armstrong.

To the dozens of NASA and support contractor employees who through their contributions and hard work made
this celebration a success, our heartfelt gratitude. At the risk of oversight, several individuals must be recognized
for their service on the organizing committee:

Don Bacon, DFRF Research Engineering Division — management of funds.
Jeff Bauer, DFRF Flight Systems Branch —~ marshaling support of the Dryden History Committee.
Nancy Lovato, DFRF Public Affairs Office ~ publicity and protocol.

Ralph Jackson, X-15-era Public Affairs Office — outreach to X-15 alumni and general support to DFRF Public
Affairs Office.

Dan Viney, Woodside Summit ~ provision of support services.

Cie (Cecile) Kratz, Woodside Summit — celebration administrator and coordinator of travel of out-of-town pro-
gram participants.

Attendees at the celebration’s technical symposium were provided an X-15 Flight Log and Facts Sheet; these are
included as appendix A. As an aid to readers, a list of acronyms and X-15 nomenclature is provided as appendix B.

It has been my pleasure to serve as program chairman of the X-15 30th anniversary celebration and to prepare
these proceedings.

Kenneth E. Hodge
Chief, Dryden Aerospace Projects Office
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It is not how fast or how high the X-15 flew. It is a reflection upon how much dedicated
people can accomplish. It made many important contributions to this country's space
program. More significantly, it demonstrates that if people work together, there's no limit

to what can be done in the future.
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OPENING REMARKS

4

Kenneth E. Hodge
Symposium Chairman

Welcome, ladies and gentlemen, to the X-15 30th anniversary celebration. I'm pleased to be the program chair-
man. My name is Ken Hodge. This afternoon we are having a technical symposium, and if we run it right, we will
be done at 5:30 in time for those of you who are going to the banquet and pilots’ panel this evening to get there in
plenty of time. So now to the symposium.

Our first speaker is Dr. Dale Compton, Deputy Director of the Ames Research Center, and he will provide a
welcome to all of you who are our guests today.




WELCOME

Dr. Dale L. Compton
Deputy Director, NASA Ames Rescarch Center

Thank you, Ken. Usually when I am asked to welcome a symposium, I ask one of the organizers of the sym-
posium to put together some notes for me. It turns out in this case I didn’t have to do that because I can tell you a
couple of things from personal experience about the X-15, both of which are relevant to this symposium. Let me
first, though, do the formal welcome.

On the behalf of the Ames Rescarch Center and the Dryden Flight Research Facility, I'd like to welcome you
here this afternoon. It looks like an interesting agenda, an exciting afternoon, and an evening of great memories,
and I'm sure you all will enjoy it.

Let me fum to the two items that [ can tell you from personal experience; the first one really is personal. I
probably would not be standing here were it not for the X-15. When I was a college student—that was at the design
time of the X-15—1I was a mechanical engineering student and was looking at what I wanted to do with my career
and what I wanted to focus my graduate studies on. I knew I wanted to do graduate studics, and the choice was sort
of between boilers and heavy diesel engines and aircraft. It wasn’t a hard choice because that was right at the design
time of the X-15, and I could see in the popular press and in the engincering material that came across through the
university that this kind of aircraft was going to be our future. It seemed to me that it made very good sense for me
to focus my graduate studies on aeronautics, which I subsequently did, and so I really think I can credit the X-15
for my getting involved in acronautics so long ago. I think that is one of the importances of programs like this quite
beyond the importance of the program in and for itself.

One of the things that this nation lacks at this point is a trained cadre of engineers that are coming forward to do
the technological gains of the future. The education system is not tuming them out in the numbers that we need. If
programs like the X-15 are visible that bring high technology to the attention of students, that makes students think
about where they want to put their futures. That brings students forward into high-tech adventures and eventually to
be the leaders of technology and the leaders of our economy and the leaders of our military strengths. I think these
programs are extremely important, and I guess I will anticipatc alittle bit of what will occur at the end of the day and
hope that the X-15 translatcs itself into the X-30 through a hypersonic single-stage-to-orbit vehicle at some point in
time. And that program, which is so much in jeopardy now with funding concems, ends up in a continuation in one
sense or another. And that continuation includes a flight vehicle. I think that it is through those flight vehicles that
we really learn what it’s all about—really learn and really bring the excitement to the nation.




Now a second item is almost from personal experience—not quite, because I started into practical engineering at
NASA-Ames in 1958—just a year before the X-15 had its first flight. It turns out that we can also, at NASA-Ames,
claim what I call the first flight of the X-15 two years earlier than the manned flight. 1 want to show you a picture of
the first flight (fig. 1) which I’'m told occurred on June 14, 1957, at 9:15 in the morning. This is a picture of a scale
model of the X-15 taken from a hypervelocity free-flight facility at the Ames-Moffett site, and as you can see this is
one of the few pictures that shows the shock patterns that develop over that vehicle in flight.

Now I can’t say that most of these flights—this happens to be a successful one—I can’t say that most of those
model flights were successful. Many times what we saw going down the tunnel were pieces of the X-15 rather than
the whole airplane, and that’s because this model was about 3 or maybe 4 in. long, and it was very fragile—probably
made out of aluminum, cast aluminum, some of them were made out of cast bronze, some of them were made out
of cast plastic.

In launching a vehicle like this from a gun, it has to undergo many thousands of g’s loading, and it was quite
frequent that we found the wings coming out one side and the fuselage and tail coming out the other and the whole
thing flying down the range sideways as a result. We happened to do a fair amount of stability work on the airplane,
so I am going to say that this was a first flight of the X-15 vehicle, one that I think was not as nearly as historic as
the first manned flight that can be claimed out here and which the symposium celebrates. But it does symbolize the
resources that NASA was able to bring to bear on an aeronautical problem of importance at the time.

With that I want to again welcome you to the symposium, and I'm sure that we will all have a very interesting
afternoon here. Thank you very much.

Figure 1. X-15 model in Ames hypervelocity free-flight facility.



INTRODUCTION

Theodore G. Ayers
Dryden Deputy Director

Good afternoon! I know that Ken Hodge and Dr. Compton have already welcomed you here, but [ would like to
extend my own welcome to this symposium on behalf of all our staff here. I usually start these out for people who
have never been here before by saying, ‘“Welcome to the greatest place in the world.” We like to think that we have
alot of fun here, But we also like to think we get a lot of work done (fig. 1), so we’re very pleased to have you here.

It is indeed an honor and a privilege for me to make the introductory remarks for this symposium this aftemoon,
which recognizes the first flight of the X-15 research airplane 30 years ago today on June 8. Now you may be
wondering why a young, handsome person like me is up here to address a gathering which includes those people
who actually conceived and carried out this project. It is obvious that there really isn’t much that I can tell you about
the X-15. You already know most of it. On the other hand, I do have some ties that go back to the X-15 days. I
know several of you and have read about others and, over the years that I have been at Dryden, have developed a
factual knowledge of the rest of you from three accurate sources of information: Milt Thompson, whose memory is
questionable; Bill Dana, whose sight and hearing are unquestionable, and Ed Saltzman whose memory, hearing, and
sight have allowed him to become the Dryden archives. In fact, when Ed saw that I was going to do this introduction,
he appeared in my office like he usually does and whipped out a lot of material and said, “You got to mention all of
these things because this is about Dryden.” So I spent the next two days trying to figure how I could boil it down.
And I'm sure you’ll agree that these three individuals are beyond reproach. In fact, 1 had an opportunity to meet
Admiral Petersen just a few minutes ago for the first time and had a short chat with him. And I think that what I
leamned is true—TI'1l leave that up to you to think about. There’s not time here to go into a lot of stories. I'm sure
you will hear some this evening and probably some later this afternoon.

I just happened to be employed at North American Aviation working on the X- and YB-70 programs during the
days of the X-15, and my first exposure to the airplane was at an airshow here at Edwards long before there was a
405 freeway and you could actually drive out here without being in traffic jams. My second memory is a vivid one
(and I think it is safe to say this because Scotty is not here), and that was observing X-15 No. 3 after it was brought
back to the plant following somebody hitting a switch and blowing the back end off.

I made a decision to leave North American Aviation when I and hundreds of others arrived at work one Monday
moming and found the infamous pink slip on our drafting tables. My last mental picture of the old plant was that of
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President Kennedy standing over a toilet bowl pushing the B-70 down with a plumber’s friend. As a result of the
cancelation I moved on to NASA’s Langley Research Center, which is where I really wanted to be anyway, and it
was there that I first met Charlie Donlan.

Now he probably doesn’t remember me from that time period cause I was just a young engineer at the 8-Foot
Transonic Pressure Tunnel Branch working with Dr. Richard Whitcomb from Transonic Aerodynamics. In fact, I
hadn’t even eamed the right yet to call Dr. Whitcomb “Dick.” In those days at Langley you didn’t talk to your boss
unless he addressed you first, which is quite different from today. Anyway, Dick said he was going to introduce me
to Charlie Donlan, who at the time was the Langley Deputy Director. I remember distinctly Dick telling me when we
got ready to go there not to be afraid if Charlie seemed a little bit gruff. He said he really was a very nice man—he
was just businesslike. Well, I met Charlie and he did scem gruff and I was intimidated.

Charlie left Langley in 1968 to become the Deputy AA at the Office of Manned Space Flight, and our paths
didn’t cross again until I was at Dryden and he became a member of the NASA Aerospace Safety Advisory Panel.
I must say he really isn’t as intimidating as I remember him in those days, and I'm sure you’ll find that out when he
speaks later.

In the early days at Langley, I also had several occasions to be associated with the X-15 program. I followed it
not only as an ardent fan of aviation, but also kept in touch with many of the ongoing and new X-15 wind tunnel
tests, and had an opportunity to be involved in some of the mated tests with the B-52 when they were looking at the
large tanks on the airplane. In addition to that, we carried out a number of tests at the 8-Foot Transonic Pressure
Tunnel and were involved in the development of the A-2 configuration in the 2-foot hypersonic tunnel. There are a
number of little incidents that could be related there if we had the time; perhaps later this afternoon or this evening
we could discuss those.

I did not have an opportunity or the privilege to meet Harrison Storms when I was at North American or later,
although I have heard much about him, and I did have an opportunity to meet him a short time ago. After moving
from Langley to Dryden in 1975, I had the privilege of meeting and getting to know not only Walt Williams and
his lovely wife Helen who is here today, but also Dick Hallion, who was at the time the Air Force Flight Test
Center historian. And Dick, I have plagiarized your books terribly in gathering material here today. I also had the
opportunity to work indirectly with Bob Hoey when he was at the Flight Test Center prior to his retirement.

During my time here I have been able to meet and to know Paul Bikle, Scott Crossfield, Pete Knight, Joe Engle,
and of course Milt Thompson and Bill Dana, all of whom will be on the panel tonight. Two other individuals who
are notable by their absence and known by many of us are Hartley Soulé and Johnny Becker. Hartley Soulé, who
chaired the NACA Inter-Laboratory Research Airplane Panel and was instrumental in the X-15 conception, passed
away last year. Johnny Becker, who is widely recognized as Mr. Hypersonics, had a previous commitment during
this time. I did speak with him personally, and he sends his best wishes to all of you and apologizes for being unable
to participate in this symposium.

So you see my ties do go back to the X-15 and many of the people involved in it. All of the names that I have
mentioned up to now were intimately involved with the X-15 project. They and others were the persons behind its
conception and its success. They had vision, something that is in my opinion tragically lacking in today’s world of
bureaucracy and international politics. I'd like now to take just a few minutes to briefly discuss the project and then
close with some comments about the future as I see it. Interestingly enough, Dale’s comments are very parallel to
mine in some ways.

The X-15 genesis goes back to Germany, as much of our early airplane research did, and the work of Singer
and Brett and their concept for a hypersonic rocket-powered airplane to be boosted into orbit and then glide back to
Earth much like today’s space shuttle. A member of the NACA Committee on Aerodynamics, Bob Woods of Bell
Aircraft, had been pushing for the definition of a Mach 5+ rescarch airplane. Here at Edwards, Jake Drake and Bob
Carman, two of Walt Williams’ planners, were looking into this, and in 1953 submitted a proposal for a hypersonic
program leading to a winged vehicle. Their concept, shown in figure 2, was tumed down as being too futuristic. So
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there is a clue for you young folks out there who think we turn you down a lot; keep trying and eventually you’ll
get there,

Even so, the work of Drake and Carman influenced the X-15 as well as other vehicles such as Dyna-Soar. Fol-
lowing further studies by the three Centers, a concept developed under the guidance of Johnny Becker was selected.
Instrumentation requirements developed here at Edwards by Walt Williams’ staff were incorporated in a memo-
randum of understanding between the NACA and the Air Force. In 1954, the X-15 project was born. From the
first unpowered flight on June 8, 1959 (fig. 3), the three X-15 airplanes went on to complete 199 research missions,
achieving altitudes in excess of 354,000 ft and speeds in excess of 4520 mph or Mach 6.7. The X-15 program has
been recognized as one of the most productive and successful activities in aeronautical flight research. Approxi-
mately 800 technical research reports were produced.

Some of the significant X-15 accomplishments enumerated by Johnny Becker and included in Dick Hallion’s
book On the Frontier include development of the first large, restartable, man-rated, throttleable rocket engine, the
XLR-99; the first application of hypersonic theory and wind tunnel work to an actual flight vehicle; first use of reac-
tion controls for attitude control in space; first reusable superalloy structure capable of withstanding the temperature
and thermal gradients of hypersonic reentry; development of new techniques for machining, forming, welding, and
heat treating of Inconel-X and titanium; and many, many others including the discovery that hypersonic boundary
airflow is turbulent and not laminar.

Acrospace technology has come a long way in these important aspects of this nation’s technological leadership
in aviation. A few examples. The historic supersonic flight of the X-1 spawned generations of new aircraft. Routine
supersonic flight by today’s airplanes was made possible by research conducted with the YF-102 and the 102A. Flight
research of the Century Series airplanes provided new insight into aircraft dynamics and handling qualities such as
roll coupling. The X-15 and the lifting body flight research were critical to the development and operation of the
space shuttle. Flight research with advanced propulsion concepts and fly-by-wire systems have allowed dramatic im-
provements in aircraft efficiency and safety. And the phenomenal breakthroughs in low-power, lightweight, reliable
electronics during the Apollo era have allowed for unprecedented levels of systems integration in both spacecraft
and aircraft. So what’s left, what does the future hold?

There are many people in this country who believe that aeronautics is a mature field. It is now evolutionary
as opposed to revolutionary. Therefore, there are no more major breakthroughs such as area rule, jet engines, can-
tilevered structures, composite materials, etc., awaiting the challenge of inquisitive minds. Some people believe
we have the computer power available to adequately calculate complete aircraft characteristics. I submit to you
that the next frontier—which is routine, economical, supersonic, and hypersonic flight—has areas where signifi-
cant breakthroughs can and must occur. This is particularly true of hypersonics. If we are to continue as a world
leader in technology, we must develop a hypersonic vehicle (fig. 4). I do not believe we can do this without flight
research. The requirements are far too stringent, and the margins of error far too small, to rely on computational and
ground-based tests alone. An operational vehicle will also have high levels of integration never before attempted.

So what has this all got to do with this symposium? Well, I hope that all of you, but in particular the younger
people who are and will be our future, think about challenges and opportunities as they hear today’s speakers and
the subject matter they discuss. This is a fantastic opportunity to look at a very successful leading-edge technology
project in retrospect. The speakers are the engineers, the pilots, and the managers who lived with the X-15 from its
initiation to its completion. You may never have such an opportunity again. The X-15 might well be the model from
which this country’s hypersonic research and/or operational airplanes are developed, so listen closely and learn.

Finally, I want to thank Milt Thompson for spearheading this event. When he came to me with the idea I said,
“Let’sdoit.” Little did I know at that time that he would break the bank and it would be this large and this significant.
So I say, “Thank you, Milt,” and again “Welcome” to all of you. So now let’s enjoy today and tonight. Thank you
very much,
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Figure 2. Drake-Carman winged-vehicle concept.



Figure 3. The first unpowered X-15 flight, June 8, 1959.
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Figure 4. A hypersonic vehicle concept.



X-15 CONCEPT EVOLUTION

Dr. Walter C. Williams

Beginning in the forties with the success of the X-1 airplanes in achieving supersonic flight and the D-558-1 as a
workhorse at transonic speeds up to Mach 1.0, the joint Air Force-Navy—NACA program thrived. During the early
years of this program, 8 different configurations resulted in construction of 21 airplanes.

The pattemn set was the services funded the development and construction of the airplanes for use by NACA
in their flight research program. The speed range covered was transonic and supersonic. Of these airplanes three
types had rocket power, the remainder used turbojets. As one might expect with a research agency having a bright,
imaginative staff, there was always some effort to plan the next steps. The goal of the program was simply stated:
higher and faster. The existing stable covered the range of configuration from straight wing, including some very
thin wings to sweptback, to variable sweepback to delta, and some configurations without horizontal tails. It was
definitely time to consider expanding the flight envelope.

As one might expect, the agency would be planning for the future. The effort did not primarily effect configura-
tion studies, since the existing fleet covered most configurations generically. The goal of this planning was relatively
simple: higher and faster, move the bounds of the envelope. At this time, there was no mission consideration other
than research. The goal was seeking information that would assist in the development of future military and civil
airplanes. The mindset of the time was very well described by John Becker in his Sanger lecture in 1968, “The X-15
Program in Retrospect.” To quote from his introduction:

“By 1954 we had reached a definite conclusion: The exciting potentialities of these rocket-
boosted aircraft could not be realized without major advances in technology in all areas of
aircraft design. Inparticular, the unprecedented problems of acrodynamic heating and high-
temperature structures appeared to be so formidable that they were viewed as ‘barriers’ to
hypersonic flight. Thus, no definite requirements for hypersonic vehicles could be estab-
lished or justified. In today’s environment this inability to prove ‘cost-effectiveness’ would
be in some quarters a major obstacle to any flight vehicle proposal. But in 1954 nearly
everyone believed intuitively in the continuing rapid increase in flight speeds of aeronauti-
cal vehicles. The powerful new propulsion systems needed for aircraft flight beyond Mach
3 were identifiable in the large rocket engines being developed in the long-range missile
programs. There was virtually unanimous support for hypersonic technology development,
and it was generally believed in 1954 that this would have to depend very heavily on flight
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research because there was no prospect of simulating the full-temperature hypersonic envi-
ronment in ground facilities. Fortunately also, there was no competition in 1954 from other
glamorous and expensive manned space projects. And thus the X-15 proposal was bom
at what appears in retrospect as the most propitious of all possible times for its promotion
and approval.”

It is difficult to ascertain with any certainty when the thinking leading to X-15 began. It appears the effort
started in the 1950-51 time period when, here at Edwards, Bob Carman and Hubert “Jake” Drake looked first at
modifications to the X-2 to increase its performance. The fact that it was built of stainless steel rather than aluminum
made it attractive as a vehicle to be given higher performance. Langley concluded similar studies, as well as the Air
Force, based on reccommendations of their Scientific Advisory Board (SAB).

From these studies it was concluded that the modified X-2 would be expensive, time consuming, and not have
the performance to obtain the desired information. The first figure indicates the regions of flight concemed. As can
be seen, the envelope at the time was up to M = 3+ and 100,000+ ft. It was felt that a future vehicle should about
double existing performance: M = 6+ and altitude 200,000+ ft. Performance of this type would cause considerable
acrodynamic heating, as well as a period of weightlessness greater than available at the time. Consideration of boost
glide vehicle as well as satellite vehicles would merit later consideration. Incidentally, this is an actual chart from
the fifties used in the studies of the X-15 concept.

Starting in January 1952, the project began to receive the support required to carry on extensive and detailed
studies. Mr, R. J. “Bob” Woods of Bell Aircraft and of Airacuda and Airacobra fame submitted a report to the NACA
Committee on Aeronautics. The report stated that since attention is being directed toward very high-speed flight to
altitudes at which atmospheric density is so low as to eliminate acrodynamic control, information was needed in that
flight regime, and he believed NACA was the logical organization to carry on basic studies in space flight control
and stability. Further, that NACA should set up a small group to evaluate and analyze the basic problems of space
flight and endeavor to establish a concept of a suitable manned test vehicle to permit initiation of construction within
2 years.

This report was the catalyst required to get things moving in the direction that led to the X-15. At the Aero-
dynamics Committee meeting in June 1952, the committee responded to the Woods report by recommending in
a resolution that “The NACA increase its programs dealing with the problems of unmanned and manned flight in
the upper atmosphere at altitudes between 12 and 50 mi and at Mach numbers between 4 and 10 and also devote
a modest effort to problems of flight at higher speed and altitudes.” The NACA Executive Committee ratified this
recommendation in its July 1952 mecting.

In October 1953, the Air Force SAB Aircraft Panel concluded that the “time was ripe” for another cooperative
(Air Force-Navy-NACA) project involving a very high-performance research airplane, and further recommended
steps be taken to determine feasibility of such a project. In March 1954, the SAB recommended a research airplane
project be initiated that would give information at Mach numbers from 5 to 7 and at altitudes of several hundred thou-
sands of feet. The Navy at this time had contracted studies underway of an airplane capable of flying at 1 million ft.

Meanwhile, in response to its own committee advisors as well as those of the SAB, NACA began more extensive
studies. Efforts on new airplane configurations were underway at Langley, Ames, and here at HSFS. Carman and
Drake, like others, abandoned the X-modifications and studied a vehicle with a 50,000-1b thrust engine. Langley,
with more available manpower, conducted more detailed studies including structural concepts. All of these studies
consisted of relatively conventional configuration rocket engines in the 50,000-1b class. Vehicles were air launched
for maximum performance. The B-36 was considered for the mother ship since the B-29 was too small, and there
wasn't sufficient space under the B-52 to carry it on centerline.

It was later in the program that the realization struck home that by the time the X-15 was flying, these B-36
mother airplanes would be the only B-36’s being operated by anyone anywhere. We had had sufficient experience,
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all bad, trying to operate B-29’s after they were being phased out of the inventory. The logistics of supporting a
B-36 in that environment were terrible to contemplate. The B-52 was revisited and it was found to be reasonable to
mount the X-15 off-center under a wing. There was considerable advantage in performance using the B-52, Also,
the X-15 pilot would have the capability to eject at all times while attached to the B-52. Glide home landings were
the basic configuration. This was a reasonable approach based on previous experience with the rocket airplanes, as
well as data from a program using the X4 with its large speed brakes to study landing at considerably lower values
of L/D.

The views of the various NACA organizations involved were quite similar, but insufficient effort had been spent
in firming up a proposal. In June 1954, Hartley Soulé, the research airplane projects leader, recommended NACA
solidify its views in order to present a firm proposal to the Air Force, He then organized the effort to present an
integrated view. He assigned Langley the task to establish aerodynamic configuration, structural concepts, and
overall vehicle configuration. Ames should concern itself with aerodynamics, Lewis with power plants, and HSFS
with operational aspects.

One of the efforts other than the vehicle itself was a determination of the problems that would be studied in
order to define the vehicle requirements. The flight problems are shown in figure 2. An airplane configuration was
developed which became the baseline for all studies and was included in the proposal as an example of a design that
would meet the research requirements. Its design characteristics are listed in figure 3 along with the characteristics
of the X-15, as built. As can be seen, the airplanes were similar, but the X-15 represented the tailoring that occurs
as a real concept is developed.

On the operating side, it was prejudged that the pilot would use a pressure suit. There was considerable discussion
with Wright Field conceming use of a partial pressure suit which was developed versus a full pressure suit which
had to be developed. Wright Field wanted to stay with the partial pressure suit. It was felt important to develop a
full pressure suit. The full pressure suit was adopted based on a Navy suit which had been used in the D-558-11.
This suit became the foundation on which suit technology was built for use in the space programs.

The subject of emergency crew escape received considerable attention. One naturally thinks of an escape capsule
or pod. There were some capsules, actually ejectable nose portions, in several of the early research airplanes. Model
tests showed these to be very unstable and would tumble at a very high rate of rotation if released. Instructions were
to not use these devices. The ability to make a stable safe capsule within constraints of size and weight appeared
to make an escape capsule almost as big an effort as the vehicle itself. Consideration then turned to the use of a
stabilized ejection seat. Studies showed that the most serious failures occurred during initial engine start and during
powered flight. This phase of flight would drive the requirements for escape. If this area were covered by the escape
system, the remaining flight envelope could be covered by remaining with the airplane until it was slowed down
and altitude reduced. At the time of the completion, the choice of escape system was left to the bidders. North
American, who was the competition, chose the combination of an ejection seat and pressure suit. As a matter of
interest, the next figure [fig. 4] shows that 98 percent of the failures would be expected to occur below Mach 4.0 and
below 100,000 ft.

Development of operating plans for the X-15 resulted in a completely new approach to flight management and
data acquisition. The flying of the existing rocket airplanes were always in line of sight of Edwards. The flightpaths
were such that the flights could be terminated at any time and the airplane could turn, if necessary, and glide to
Edwards. The X-15 would fly at high enough speeds and subsequent range that it could not be launched in the
vicinity of Edwards and also land at Edwards. Reserving Rogers Lake for the landing, launch would have to occur
over 300 mi away for the high-performance flights. Emeigency landing capability was required in the launch arca as
well as along the flightpath. The area to the north and northeast from Edwards up into Nevada had sufficient large,
dry lakes to provide these emergency sites. So planning moved in this direction.

The next consideration was instrumentation and communications. With the flightpaths being considered, it was
necessary to provide tracking and telemetry and communications in the same general arca. The result was the
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requirement for three stations: one at Edwards and two up range in Nevada near the towns of Beatty and Ely (figs. 5
and 6). The stations were connected by microwave relay and data was not only recorded locally but passed to
Edwards. To manage the flights, a control center was required where the data was displayed at the up-range stations
and flights could be handled from these stations if communications were lost. The prime reason for the control centers
was to provide support to the pilot. The X-15 has complex systems which presented data requirements greater than
could be handled in the pilot displays. The centers gave the pilot a flight engineer. In addition, the tracking displays
provided navigation aid to both the mother ship and the X-15 on its retumn to Edwards. This included:

1. Initial guidance of the mother airplane to the proper launch point and check on prelaunch conditions of position,
velocity, and flightpath.

2. Vectoring of the research airplane during the initial climb portion of the trajectory.

3. Determination of test article altitude and velocity for piloting purposes during phases of flight in which intemal
airborne instrumentation would not provide sufficient instrumentation.

4. Determination and prediction of reentry position and velocity for ballistic-trajectory flights.

5. Determination and prediction of reentry position and velocity as a ground-based aid to the pilot in the event
of an aborted flight, emergency landings, or other contingency.

6. Trajectory for research purposes.

7. Later-energy management.

The real-time display system used here was the foundation for the larger centers used in the manned space
program. This particular range was given the name High Range and was implemented as a joint endeavor between
AFFTC and NACA. Funding was provided by AFFTC.

The results of the NACA studies were consolidated into a document entitled NACA Views Concerning a New
Research Airplane. This document was given wide distribution and was the basis of numerous briefings to the Air
Force, Navy, congressional committees, and to various NACA committees,

On December 30, 1954, Air Materiel Command took formal action for development of the airplane with an
invitation to participate to various prospective bidders. The agreed-to specifications were transmitted with this
invitation. The bidders’ briefing was set for January 18, 1955, and submittal of bid designs by May 9, 1955. Costs
were to be submitted by June 1, 1955. First flight was to be achieved 2 1/2 years after date of contract. The top
performance requirements were as shown in figure 7. Other design specifications included a design load factor, g,
of 7.33 and limiting dynamic pressure, g, of 2400 1b/fi>. It was not planned that a q of 1500 be exceeded during
flight test. Analysis showed that a relatively small error in entry attitude or altitude could cause substantial increases
in dynamic pressure. Designing to 2500 was a means of providing margin. Landing weight was to be vehicle gross
weight without propellants. If not bumed, propellants were to be jettisoned. There were redundancy requirements
on all critical systems. A sidearm controller was to be used in addition to a center stick. Reaction controls were to
have a separate control.

NACA personnel participated with WADC personnel in evaluating the proposals. Four were submitted: Bell,
Douglas, North American, and Republic. NAA and Douglas had similar proposals, NAA proposed an Inconel-
X airplane, Douglas proposed magnesium. The evaluations and negotiations continued through summer and fall.
The final go-ahead was December 1955. In the interim, although selected, North American withdrew from the
competition because of the press of other business. After withdrawing, they agreed to take the project if they were
given an additional 8 months for the effort, 38 months to first flight rather than 30. Agreement was reached and
negotiations continued to final contract in December.
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Initially, it was planned to allow the airframe manufacturer to select the engine. There was sufficient uncertainty
about engine selection that it was decided that the engine selection would be separate from the airframe selection.
The real problems were that none of the engines that could be used were fully developed, and most importantly since
these were all developed for missiles, none met the requirements that were laid on for a piloted airplane. The NACA
design study had used the Hermes A-1 engine but the manufacturer (GE) did not want to continue development
of the engine. Engines then considered were under development by Reaction Motor Inc., Aerojet, Bell, and North
American.

The manned flight requirements that were different from missile requirements included:

1. A malfunction detection system which would detect potential engine failure and shut down the engine, Con-
cept later used in missiles and in the manned space flight program.

2. Ability to restart in flight. Valuable in earlier rocket airplanes as means of throttling.
3. Capability to throttle down to 50 percent thrust.

4. Ability to idle turbo-pump prior to release from mother airplane. Increase probability of engine start at launch
by reducing activity after launch.

All of these requirements represented a complete departure from existing practice.

The RMI engine XL.R-99 was selected as the engine most advanced and a manufacturer who understood and
had experience in manned rockets.

Some missile manufacturers did not understand the requirement. The engine had been developed for the Martin
Viking missile. It needed a lot of work. One disadvantage of this particular engine was its propellants, LOX and
ammonia. Ammonia corroded all copper-based metals. Discussions were held in NACA (Lewis) and with Air Force
and RMI conceming capability to substitute a hydrocarbon fuel. It was finally concluded that changing fuel would
add time to the development (6 months) and cost. It would be easier to learn to live with the corrosive action of the
ammonia. As far as I know, it never presented a problem.

The HSFS agreed with the engine selection, but also recommended strongly that two of the existing XLR-11
engines (X-1 engine) be used for the early flights. The higher thrust was not needed for the early flights. These
flights could be made without concem over the pilot’s capability to handle the high thrust of the final engine. Most
importantly, it would provide additional time for the engine development while allowing the airframe development
to continue. This altemnative was not adopted at the start of the contract, but incorporated later when it was obvious
that the primary engine was lagging in development and could delay the entire project.

While all the technical work was drawing the attention of most of the techtiical staff, there was a continuous cffort
at the management level to settle issues between the Air Force, Navy, and NASA. Several committees and panels
were established to assure continuous communications between the partners of this project. The top committee was
the Research Airplane Committee, chaired by Dr. Dryden, Director of NACA, and Brig. Gen. Benjamin Kelsey and
Rear Adm. Hatcher as members. There were several levels of committecs below this.

A new memorandum of understanding was written. This document laid out in detail roles and responsibilities for
the three agencies involved. The bulk of the development funding was by the Air Force; the Navy support was consid-
erably less but very impottant and timely. All major program decisions—technical, financial, and managerial—were
handled through this review committee structure.

Another facet was reporting on the project. The flight results of the previous programs were presented in NACA
conferences or symposiums. It was decided that in the case of the X-15 there was sufficient technology in the design
and construction of the vehicle, and that there should be symposia discussing design and construction issues during
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the development phase. As a result, a conference on the subject was held in 1956 covering the preliminary design
phase, and in 1958 covering final design and construction of the system.

Before closing, I would like to pay ttibute to an individual who played an extremely important role in this
program. I mentioned him once or twice in my discussion. One man provided the glue to tie together this program.
He led the discussions to resolve the technical issues. He was also the motivation behind the management agreements
and organization. He tied the NACA Centers together and provided the working environment that allowed the
services and NACA to work together. We here at HSFS referred to him as our “Great White Father in the East.” His
name was Hartley Soulé. Unfortunately, he is no longer with us.

In closing, I would like to review the gross milestones of the program development shown in figure 8. As can
be seen, the program went from a twinkle in the cyes of a fow to rollout in a littdle over 6 years. It is intcresting to
note that as much time was spent talking about it as doing it. Nothing changes. I have discussed the talking period
which had few serious problems. The following speakers will talk about the real problems of bringing the system
into being.
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EPILOGUE

Since there are no questions, this entitles me to one war story. This happened after I left here, as a matter of
fact. We were working hard on Project Mercury. We were getting ready to fire Alan Shepard on the first ballistic
flight. Prior to that, we had a little hearing before the President’s Scientific Advisory Committee (PSAC)—a special
committee headed by Dr. Hamig. It had two types of members—engineering types and acromedical types. One
of the engineers was Harrison Storms; Pat Hyland and Ed Heineman were also members. We had no trouble with
those guys—ithey understood what we were trying to do, the problems we were facing, and the conclusions we had
reached.

We had a terrible time with the doctore—that’s the only way to describe it. They thought we ought to fly 75
more chimps before we flew a man. I'm serious! We had the data from this one chimpanzee which showed very
high pulse rates, and they were concermned that this might kill 2 man or you’d pass out or what have you. And so we
had quite a go-around on that.

Meanwhile, the X-15 was flying out here and the pilots were being monitored and, yes indeed, they had high
pulse rates due to stress; their highest rates were usually before launch or landing. So I sent out for that data and
brought it in and for awhile I thought they were going to cancel the X-15 instead of clearing us to fly Project Mercury!

So Don Flickinger, the senior research acromedical doctor, and one who had been closely following the X-15
program, got one of the doctors on the committee and Joe Walker in a three-way conversation—the data we had
involved Joe Walker. The doctor began questioning Joe about this and that, then saying, “These pulse rates are
pretty high—over 150. How did you feel?” Joe responded, “Oh, I felt all right. Now wait a gosh-dam minute. Are
you trying to ask me whether or not I fainted??”” The doctor said, “Well, yes. Did you faint?”” Joe replied, “Hell, no!
I didn’t faint!” The doctor continued, “Well, I don’t know ... people can pass out and not realize it.” Joe retorted,
“Look, what I did one second depended on what I had done the second before and ['m here talking to you!” End
of story.
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MANNED AIRPLANE PERFORMANCE

600x103

500

400F

BOOST GLIDE

300 AIRCRAFT-
FUTURE RESEARCH

TYPES

ALTITUDE, FEET

200 i

PRESENT
SERVICE
TYPES

FORESENT RESEARCH TYPES

REGIONS

) 1 1 L
Y 4 8 12 16 20 24
VELOCITY, FEET PER SECOND

Figure 1. Manned airplane performance regions.
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X-15 FLIGHT PROBLEMS

EFFECTS OF AERODYNAMIC HEATING ON STRUCTURE

STABILITY AND CONTROL IN VERY-LOW-DENSITY
AIR (LOW q)

ATMOSPHERIC EXIT AND ENTRY TECHNIQUES
MONITORING AND NAVIGATION
AEROMEDICAL ASPECTS

Figure 2. X-15 flight problems.



DESIGN CHARACTERISTICS FOR CONCEPTUAL AIRCRAFT

Sweep (c/4), deg.
Skin

Internal structure
lL.eading edge

Vertical tail
Section

Brake ACp
Horizontal tail
Lateral control

Atmosphere

Space
windshield
Landing gear

Conventional (lc =0.05)

30
Inconel-X heat sink
inconel X
Blunt segmented heat sink,
Inconel X

Variable wedge

(10-deg wedge used in tests

at Mach 7)
0.10
Variable wedge

Ailerons
Hp Oojets
Quartz
Skid

NACA Study (1954) X-15
«-_—=-§ |
Characteristic Recommended Current Flights
Launch weight, lb. 30,000 33,000
Re-entry weight, ib. 12,000 14,600
Sea-level thrust, |b. 54,000 50,000
Length, 1t. 48 50
Span. ft. 27 22
Planform loading, ps!. 32 38
wing
Section

Conventional (% =0.05)
25
inconel-X heat sink
Titanium and inconel X
Blunt segmented heat sink
Inconel X

10-deg wedge

0.05
Canventional section

“Relling" horizontal tail
H 2 02 jets
Alumina-silica glass
Skid plus nose wheel

Figure 3. Design characteristics for conceptual aircraft.
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ANALYSIS OF X-15 ACCIDENT POTENTIAL
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Figure 4. Analysis of X-15 accident potential.



£C

wA,

Figure 5. High range developed for the X-15 aircraft.




T

xS
%
b
5
{&]
¢

X=t5 TYPICA

Figure 6. X-15 typical mission.



00

5

s,
%

R RIEOOESEERL

o

e

5
3

R

%

X
%

%%

9

X
=

2

%

X

HEENY
o2xls

o
2%

5

o

RIS
R

58

e
R

-
s
555

R RS
SRt acass

o

=
X

3%

2

5%
2
X

&

o2

s
3

i

7y

6

T~
%

52

&2

,.
o

0

4"‘
%

S

o

53

TS
ot
3

S
D

EIZIRT
RRRBEE

v,v,.,.,.,....,.,
s
AR,

SR
RO LANNK XXX KX

5%

2%

%

3

T

z

o

X
R

SRR

2235008
3

SRR

T
R

)
s

X
e

R

2%

=

7
o

RTIRT
BIS
RS
S

=t
S

xR
PSR
%

RN RN T T TR IR SN
RIS R e SRR
S IO IR
e SR e, SRR
o X R R N N X R R I XXX SN M X AR KX IR

PERFORMANCE REQUIREMENTS
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MILESTONES X-15 DEVELOPMENT

APRIL 1952 NACA INITIATES STUDIES OF SPACE
FLIGHT PROBLEMS.

JULY 1954 NACA COMPLETES STUDIES AND
PRESENTS X-15 PROPOSAL TO AIR
FORCE AND NAVY.

DEC. 1955 NORTH AMERICAN AVIATION GIVEN
"GO AHEAD" FOR THREE X-15'S.

OCT. 1958 ROLLOUT AND DELIVERY TO
FLIGHT TEST.

Figure 8. Milestones in X-15 development.



X-15 HARDWARE DESIGN CHALLENGES

4%

Dr. Harrison A. Storms, Jr.

Thank you, Ken. It is truly a great privilege to be a part of this 30th anniversary of the X-15. To review some
of the history, it should be noted that the X-15 was participated in by four organizations (fig. 1). First was the Air
Force, who supplied most of the money and took care of the contractual duties. Second, the Navy, who supplied
some of the funds and was primarily a consultant and observer. (At least that’s the way it appeared to me.) Third
was the NASA, who technically ran the program, accomplished the wind tunnel tests, and most of the flight tests.
Last was North American Aviation, Inc., who supplied the engineering and manufacturing talent to put the project
together. NAA also did the early flight testing.

Figure 2 calls out some of the official goals for the program. This program was the first step of any magnitude that
would put the national flight research effort a good distance performancewise beyond the then production military
aircraft or even those of today.

As indicated on figure 3, the NASA is beginning to address some of the manned requirements for space travel.
Obviously, one of the most critical phases of this is the transition between pure space operation and atmospheric
operation and what would be impact on manned requirements.

Figure 4 gives the data on final contractual requirements. Here is a good point to deviate a bit. Originally, the
mother plane was to be a B-36. However, the Dryden Flight Center group at Edwards felt that the maintenance on
the B-36 would dominate the program and recommended a change to a B-52. Hartley Soulé agreed, and we ended
up with a B-52. I can’t say enough about how well, in my opinion, Hartley did his job. He was a very outstanding
program manager and has been greatly neglected in recognition. I feel that even though it would be posthumously,
an appropriate award is in order to set the record straight. Mr. Soulé gave us our instructions sort of like this, if my
memory is correct: “You have a little airplane and a big engine with large thrust margin. We want to go to 250,000-ft
altitude and Mach 6. We want to study aerodynamic heating. We don’t want to worry about acrodynamic stability
and control, or the airplane breaking up. So if you make any errors, make them on the strong side. You should have
enough thrust to do the job.” And so we did.

The next figure (fig. 5) is a representation of the design mission, which is self explanatory.
Figure 6 gives the overall size and weight of the X-15.

In figure 7 we get to where you can see some of the internal arrangements, and I will point out some of the points
of interest. First, starting at the nose of the X-15, you will note the location of the pitch and yaw thrusters. These
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are powered by passing hydrogen peroxide over a catalyst and tuming it into a high-pressure, high-temperature gas
that is expelled through a nozzle producing a thrust of 40 to 110 Ib. There are cight of these thrusters located in
the nose. There are two of them located on both the top and bottom of the nose for pitch control, and another pair
are located on either side of the nose to produce the left and right yaw control. Moving aft, we pass the nose gear
and cockpit. Behind the pilot, note the location of the auxiliary power units (APU’s). There are two of these units
mounted on a bulkhead. They are again powered by hydrogen peroxide, which drives a turbine that supplies the
energy that produces all the hydraulic and electric power for the ship’s service.

Now there is one part of the configuration that has caused more comments and questions than anything e€lse.
That is the fairing, which starts aft of the cockpit and runs to the wing and on to the tail. I would love to have some
far-out acrodynamic theory for this piece of structure that would say that this was the reason why the X-15 worked
so well at high Mach number, but, unfortunately, it was just a necessary evil. If you will note, the aft portion of the
fuselage is fully loaded, first with the oxygen tank, second the ammonia tank, and then the engine. Now, how do you
get electric power, hydraulics, and control cables from the cockpit to the wings, tail, and the back of the fuselage?
The answer is the much questioned side tunnels or fairings, if you prefer. The only problem that was experienced
with these fairings was that they vibrated under load and had to be reinforced.

On the outer wing you will note some additional thrusters. Those are the same type of control thrusters that are
found on the nose, except that these are used for roll. There are two thrusters on each wing, one up and one down.
As the pilot requires roll, the upward thruster fires on one wing and the downward thruster is activated on the other
wing. This gives a roll with little or no pitch correction required. We now have our space-type controls complete.

The wing is usually thin. It has a thickness of only 5 percent. There is a plain flap, but no aileron.

The roll control and pitch control for the X-15 during the in-atmosphere flight are both supplied by the horizontal
tail. This tail has no elevators, but each side moves as a complete unit. The right and left side move symmetrically
for pitch control and asymmetrically for roll control. 1 believe that the X-15 and F-107 are the first aircraft to use
this type pitch and roll mechanism and to employ an irreversible control system with an artificial feel and stability
augmentation.

The vertical tail also totally moves as one unit to produce the yaw control. The reason that the airfoil of the
vertical tail is a half diamond is to allow sufficient intemal space for structure and controls. The lower vertical area
or ventral tail is in two parts. The bottom portion of the lower vertical may be dropped before landing and reused.
The reason for this was the result of many conferences. First, there was concern about the static and dynamic
directional stability at the high Mach numbers and high angles of attack; secondly, there was concern with the high
concentration of mass along the thrust axis as compared to the wing axis. If we were to be required to improve the
directional stability in the future, it seemed prudent to make the necessary provisions early to reduce any program
impact. Our overdiligence in this matter was prompted by the adverse experience we had gone through on the F-100.
Since we did not have sufficient data to give us the answers, we strongly recommended the droppable addition to
the ventral fin. If it turned out that it was not required, it was easy to leave it off. However, if it were required and
not available, this could cause a fair program delay. In short, it was insurance.

The other part of the vertical tail that has caused some comment are the dive brakes. The usual remark is why
have dive brakes on a research vehicle? Or what are you going to bomb? The answer is that they are used as an aid in
energy management. They are located on the aft portion of the vertical tail next to the fuselage. The purpose of these
are purely for energy management as it was pointed out. It must be remembered that the basic mission was to launch
at Wendover, Utah, climb and burnout, reach an altitude of say 50 mi, do whatever tests are called for, start a reentry,
and land at Edwards. A large portion of this mission the pilot is flying at supersonic speeds of approximately two to
five times the speed of sound. Most of the time he is really a supersonic glider. The target landing spot is Edwards
where there is sufficient good lakebed. At low speeds, his L/D approaches that of a brick, and without power he
must arrive at the right place to make his landing. The pilot does not have a lot of second chances for waveoffs, go
arounds, and the like and must pay attention to his energy management. There is also another consideration and that
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is of obtaining data at the correct altitude and Mach number and aircraft attitude. This can also require that special
attention be paid to the energy management problem.

Now looking at the forward part of the fuselage, you will obsetve the nose gear location. This has special
problems that we shall call out later.

The aft landing skids have been questioned many times. But if you can figure out how to put a conventional
gear into a 5-percent-thick wing and struts long enough to reach the ground in the landing attitude without losing
the back end of the fuselage, be my guest! The current skids were located, as you will note on other figures, as the
best solution to a difficult problem from a weight, temperature, and simplicity point of view.

This landing configuration was made possible for two fundamental reasons. First, there is no requirement for the
X-15 to take off under its own power; it is always launched from the B-52. Secondly, it was only required to land
on the Edwards Air Force lakebed or an equivalent terrain. As it tuned out, the current solution to the configuration
problem was a reasonable compromise.

Figure 8 covers the schedule that was realized for the project and is self explanatory and really does not need
any further comments. It is here as a matter of record.

Figure 9 indicates the categories that our development problems are concerned with at this point.
Starting with the structural problems, figure 10 divides the aircraft into several sections.

Our next figure (fig. 11) shows some of the typical configurations in both shape and material that are represen-
tative of various areas. I would like to direct your attention to the amount of titanium that is used. At this point in
time information on welding, stress relieving, and forming titanium was scant, to say the least. It was also necessary
to obtain similar data on Inconel-X. It has not been generally recognized that about 70 to 80 percent of structure of
the X-15 are welded assemblies.

Figure 12 points out that the X-15 required two types of engine installations to be concerned with. The original
intent was to install only the XI.R-99, which was a throttleable rocket engine producing about 50,000 1b of thrust.
However, this engine fell considerably behind schedule and something had to be done to keep the overall project in
motion. It was decided to make an interim installation of two XLR-11 engines. This would produce approximately
one quarter of the XLLR-99 thrust. However, it would be sufficient to obtain performance in the Mach number range
of 2 to 3, which would allow the debugging of the airframe due to any problems, such as stability and control, or
operational deficiencies that might occur without having any powerplant development and installation problems to
distract the effort since these were proven engines used on the earlier X-type aircraft.

Before I continue, I would like to comment on the cockpit and human factors subsystem. The cockpit was
extremely strong, as mentioned earlier, and it contained an ejection seat and had a standard control stick plus a side
controller in addition to all the required flight instruments. The cockpit pressurization and cooling system utilized
nitrogen to minimize any possible fire hazard. The pilot’s pressure suit also used nitrogen for pressurization and
cooling. However, at the neck there was a dam to prevent the nitrogen from entering the helmet area. The helmet
was supplied with pure oxygen. As far as I know, most of the pilots in case of emergency at high altitudes and speeds
considered their best course of action would be to stay in the cockpit and take advantage of its strong structure for
its protection as long as possible until they reached more moderate altitudes and velocities and then use the ejection
system. They held this opinion, in spite of the fact that both their suit and ejection seat had been qualified for the
extreme conditions of high dynamic pressures and Mach numbers. Fortunately, none had to make that decision. The
only concern that I ever had with this equipment was with the pilot’s neck seal or dam, since a leak here of any
magnitude could be extremely dangerous or fatal as there was no positive way to monitor the seal’s integrity or to
give the pilot any waming of impending danger.

Now, turning to some of the other subsystems, we will first review the hydraulic system (fig, 13). This system
had three major hurdles to clear in development. The first challenge that surfaced was the basic X-15 mission and
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the temperatures involved and the effect that had on any hydraulic fluid plus the associated impact on the seals
and “0” rings. After considerable work with the industry and an intensive testing of various candidate products,
Oronite 8515 was finally selected. This material not only performed well at the higher temperatures, but also its use
resulted in greatly reduced “0" ring swelling. These two characteristics were a major step forward in obtaining an
excellent system,

Another associated problem was the finding of a satisfactory diaphragm material to use in the accumulators.
Due to the combined environment caused by the selected hydraulic fluid and temperature, the diaphragm material
would break down and render the total system unusable. After a relatively involved research program in the NAA
laboratories, a material was finally derived that would meet the requirements. At this point things were looking
pretty good, except it tumed out that to make the system operate properly with the desired reliability, the total circuit
had to be surgically clean. We now felt we could design a satisfactory system.

Figure 14 calls to mind that the auxiliary power unit had some serious problems. A good share of the difficulties
arose from the use of hydrogen peroxide as the propellant. By the time it entered the turbine, the temperature was
high, about 1350 °F, the pressure was high, and it was very comosive. Also, the bearings were not rugged enough
to really support the operation that resulted from the environment. Further, the installation was not suitable as
designed. The propellant would cause the unit to become slightly unbalanced and the resulting vibration would
quickly destroy the bearings, causing extreme vibrations. Now remember that the X-15 had two APU’s mounted on
the same fusclage bulkhead located directly behind the pilot. This bulkhead would transmit the vibration from one
APU to the other and the second unit would soon be destroyed. This sounds like quite a mess, but at least knowing
your problems is half the fight.

The subcontractor strengthened the unit and put in better bearings. The NAA project group markedly reinforced
and strengthened the bulkhead. As a result, we ended up with an extremely reliable unit. This subsystem is one of the
most important units in the X-15 as it must supply all the electrical and hydraulic power from launch to landing. Any
time this system goes out, the pilot has neither control nor communications and a good share of his instruments are
inoperative. His only recourse is to leave the vehicle. Fortunately for all 199 flights no drastic action was required.

Figure 15 calls our attention to the ballistic flight controls. Since we have discussed these previously in fair
detail, it probably is not productive to go into this any deeper.

Figure 16 shows the X-15 in the landing attitude with nose gear and rear skids extended. Before 1 become
involved in this problem, I would like to go to the start of the NAA flight program.

Before any flights were attempted, we had meetings with the Dryden flight planners and Hartley Soulé to de-
termine out of the many data measurements to be transmitted from the X-15 to the ground what information was
required to be acceptable to permit a successful launch of the aircraft. It ended up that there were about 50 critical
measurements that would be required before a launch would be permitted. Further, all of the critical data received
had to be in the “green” area of acceptability. There were some additional conditions that NAA imposcd on itself as
to the method of conducting their portion of the flight test program that were as follows:

1. We would not go beyond the preprogrammed test plan, no matter how successful the test had
gone, until we had studied the recorded data and concluded it was safe to do so.

2. In building up to a launch, if all does not proceed on schedule due to some technical problem,
we would be able to go into a hold mode and attempt to locate the cause. We would only stop
this action when the problem required a shutdown to get it rectified, or by a decision that all was
accomplished that was possible and it was in the best interests of the program to secure the action.



The NAA part of the flight program was in the first section and was primarily to check out the total operational
system. At this point only the small engines were available; that was the XLR-11 type. The first test that we were
to make was a glide flight from about 30,000 or 40,000 £t to the lakebed. This obviously required that both APU
units had to be operational with some confidence that they would stay that way. It was like pulling teeth getting the
program started. There were many equipment problems and major problems with the APU's and their installation.
As mentioned earlier—the bearings, the backup structure, and the like.

A typical launch attempt would start the night before, and crews would work all night preparing the X-15 and
fueling it. About 8 a.m., Scott Crossfield would be in his flight gear and, after walking around the operation, get
into the cockpit and start his checkout. Scott would stay in the ready condition as the countdown continued. This,
unfortunately, might be as late as 3 or 4 in the afternoon before the B-52 would be allowed to take off. By the time
they had reached launch altitude and attempted to hold for the required length of time with all systems in operation,
sometime during this period a regulator would fail, a valve would fail, or the bearings on one or both APU’s would
go out. Then back to Edwards. When Scott retumed, we would be scheduled to go to a press conference and meet
many tired, and by that time somewhat edgy, reporters that always wanted answers that were just not available,
These were not happy meetings for any of the participants.

Shortly after about the fourth such encounter, I was gathered up by General John McCoy of Wright Field and
taken over to Mr. Kindelburger’s office, the then NA A chairman of the board. The general explained that the country
was in a bad spot with the Sputnik success and that our false starts were not very much of a positive boost to the
national position. In short, “when were we going to launch that X-15?” This one time in my life all eyes were on
me. Not the most desirable position. The answer that I gave was to go over the conditions that we and the NASA
had set up for launch. Also, I gave my support to this approach and pointed out that we were attempting to put a
new type of flying machine in the air without the loss of cither millions of dollars worth of equipment or the pilot.
However, if they wanted to, I would take them to the task force that set up the launch ground rules and they could
either convince them of a different approach or overrule them, if possible. The whole meecting ended up with the
Air Force's plea for increased effort on our part and hope for early success. Fortunately for all concered, the next
attempt turned out to be a winner.

The items that had to be modified during this period were the APU, its support, and the bulkhead that it was
mounted on, and the bearings in the APU. The flight control system mechanical responsiveness was improved to
better tailor it to the pilot reactions. And much work was done on the regulators and control valves. In the final
analysis, the regulators and valves were the most troublesome hardware in the program insofar as reliability was
concerned. This problem manifested itself in the component having a short operational life and requiring frequent
replacement.

After the first glide was completed, things went very smoothly for the next two or three flights. On the fourth
flight, one of the well-proven, tried-and-true engines developed a fire and explosion shortly after light-up. This
situation obviously called for an immediate landing. Scott shut all power down, and staried 10 immediaiely jettison
his fuel and to start looking for a handy dry lakebed. Everything was accomplished. However, he would have to
land heavy since there was not enough time to get rid of all the fuel, In order to improve the lift-to-drag ratio for
landing, Scott did not deploy his landing gear until he was closer than usual to touchdown. This was done to reduce
the sinking speed as much as possible, which would partially compensate for the overweight condition.

Figure 17 shows the small space available for storing the nose gear. To use this area, it is necessary to compress
the shock strut for storage. This implies that it must be extended for landing. The extension is accomplished by
pressurizing the strut with nitrogen gas prior to landing. When this occurs, oil and gas pass through the orifice
and they mix. This action produces a foam. If there is litfle time between gear extension and touchdown, there is
insufficient time for the nitrogen and oil to separate. The foam will not absorb a sufficient amount of energy on
landing. As a result of this situation, the fuselage broke just aft of the cockpit. The solution to this problem was
quite straightforward. It merely required that a floating piston be placed in the shock strut to separate the oil from the
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nitrogen and thus prevent the formation of foam. This arrangement is shown in figure 17. This problem, I always'
felt, was in many respects at the feet of NAA since we had not completely analyzed the requirements and considered
the complete operational utilization with respect to timing.

One of the biggest problems during the NAA testing portion of the program occurred during the ground testing
of the large engine, the XLLR-99, installed in the X-15 airframe. This occurred at Edwards Air Force Base at the
thrust stand facility. We were running complete static tests on the aircraft with the large engine prior to its first flight.
The X-15 was completely fueled, Crossfield was in the cockpit, the canopy closed, all the test engineers were in the
blockhouse, a situation that could make the pilot feel expendable, and all instrumentation had been installed and was
checked out. The test director gave the pilot the go-ahead, and Scott proceeded to start the engine and advanced the
throttle to a high thrust, then lowered the power. This was repeated several times. On about the second or third time,
there was a tremendous explosion. The cockpit moved about 20 ft forward, the aft fuselage and tankage disappeared,
and flames enveloped the whole area. While the flames were still roaring around, one of the ground crew members
got Scott out of the cockpit, and fortunately with no personal injury to either party. At this point, I was very glad that
we had a nitrogen cockpit pressurization and cooling system. Had we employed oxygen, we would no doubt have
also lost one pilot, one crew member, and a cockpit. There were thoughts on the why’s of this accident involving
valves and regulators that we had been having so much trouble with; however, one of the large contributors was
the overboard ammonia line. To keep ammonia fumes out of the area, the ship’s overboard system was connected
into the underground water tank to absorb the fumes. However, the ship’s system came directly from the regulator
through a vent line to the outside of the aircraft, which in turn was connected to a hose that went into the disposal
water tank. The ambient outside pressure that controlled the relief valve was also in the ship’s overboard system;
this should have been noted. The final result was to increase the back pressure which in tum increases pressure that
the relief valve senses as ambient. Other than some redesign work on the ammonia tank valves to increase their
reliability, the major change that occurred, as I am told, was to not use the water ammonia disposal system, thus
taking the back pressure off the relief valve.

Even the last NAA flight had some rather trying moments in being accomplished. In December 1960, Crossfield
was to make the last company flight. The X-15 had an X1.R-99 engine installed that had seen some testing and was
losing some of its Rokide insulation on the nozzle.

General Marcus Cooper, the commander of the Edwards Flight Test Center, called a meeting in his conference
room. The subject was to be the XLR-99 engine and the Rokide material used to insulate the thrust chamber. The
problem that had surfaced on this last flight was the amount of insulating material that had been lost. And with
very limited experience with these engines, was the engine in a safe state for Scott to make this flight, or should the
powerplant be changed?

The meeting had all the interested parties, such as the factory representatives of the engine manufacturer, NASA,
Scott Crossfield, NAA, and NASA propulsion experts, the launch director, and me. We were given a briefing by the
engine company on what they had determined in their test program, and opinions from most of the other attendecs.
After a bit, General Cooper invited Scott and me into his office.

During this session, he questioned Scott on how he felt about flying the current configuration. Scott did not
show any concern and indicated he was very willing to go ahead with the flight. After a few other questions, he
excused Scott.

When we were alone, General Cooper asked my opinion, I told him that earlier this day on my arrival at Edwards
that I had inspected the thrust chamber in question and did not have any great concems. Yes, some of the insulation
was gone, but not to any great extent and the individual areas were small. It had not all been lost in one area, but
the loss was fairly evenly well distributed over the entire area. Further, it certainly had not caused any negative
comments from the manufacturer or their test engineers. The General’s comment was, “Very well, we will make
it a joint decision to proceed with the flight.” Needless to say, the flight went perfectly. And, I might add, this is
very powerful evidence that no matter what, you can’t always be wrong! Seriously, there is a point to be made
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here. That is, there is a very fine line between stopping progress and being reckless. That the necessary ingredient
in this situation of solving a sticky problem is attitude and approach. The answer, in my opinion, is what I refer
to as “thoughtful courage.” If you don’t have that, you will very easily fall into the habit of fearful safety and end
up with a very long and tedious-type solution at the hands of some committee. This can very well end up giving a
test program a disease commonly referred to as “cancelitis,” which results in little or no progress and only creates
another “Hangar Queen.”

I would like to take a short review of some of the management facets that occurred before and during this
program, beginning with when NAA submitted its bid on the X-15 program.

My position at that time was that of manager of research and development for the Los Angeles Division. Almost
as s00n as it was announced that we were the successful bidder, I was informed that top corporatc management
wanted to reject the program since it was small and they were concemed that too many of the top engineering
personnel would be absorbed on this program and not be available for other projects that they considered more
important to the future of the corporation. There was considerable objection to this position in the technical area. 1
was finally called in to Mr. Rice’s office, the then chief engineer, and told that we could have the program on the
condition that none of the problems were ever to be brought into his office. He further elaborated that it would be
up to me to seek all the solutions and act as the top NAA representative for the program. This was fine with me.
I felt that the X-15 program was vital to the future of aerospace and I wanted to be intimately involved with the
future of this industry and would have no hesitation in agreeing to do most anything in order to be associated with
the X-15 program. The big advantage I noted in this arrangement was that since it had been deemphasized in the
corporation at the moment, we would have considerably fewer casual people attempting to modify this project so
that they could boast and hopefully make some brownie points at the expense of this project. Things returned to the
normal business, and after about 6 or so months, Mr. Rice was advanced to division president and a fair period after
that I was appointed as chief engineer of the Los Angeles Division.

Soon after the contract award, we began interacting with the NASA in technical meetings. I insisted that the
NAA team members stay in their own field of responsibility and not attempt to run each other’s area of expertise.
Hartley agreed with that approach and enforced a similar restriction on his associates. Also, he insisted on small,
but frequent, meetings. I don’t recall any meetings that had more than a total of 10 or 12 attendees. Surprisingly, we
managed to get much accomplished, and we all left the meetings with a good concept of what had to be completed
and when.

Another facet of the program that was on the positive side was that neither the NASA nor NAA found it necessary
to import any new high-powered help from other fields or industries that lacked hands-on experience in this industry
to serve as managers or directors. The whole team was veteran in the business. Further, there was a great spirit of
understanding and cooperation.

Before I finish, I feel it is important to mention those members of the NAA team that in my opinion worked on
the X-15 program with complete brilliance and dedication. My list is as follows: Chief Project Engineer Charles
Feltz; Assistant Project Engineers Bud Benner and Ron Robinson; Power Plant Engineer Bob Fields; Regulators and
Relief Valves Expert John Gibb; Chief of Aerodynamics Larry Greene; Project Aerodynamicist Bill Johnston. The
remaining two individuals who are very outstanding in my mind are Scott Crossfield and Al White. Crossfield had
flown the X-1 and D-558 and left the government to fly the X-15. He desired to participate in the complete program;
however, this ended up as not being possible. Unfortunately, he was restricted to relatively low speeds of M =2 to
3. There were many who thought he would break this restriction; knowing Scott, I knew that would never happen as
he is a very dedicated professional test pilot and a man of his word. Several years before the flight operations started,
he worked very diligently with the engineering group to ensure we designed in the maximum flight safety and to
learn in complete detail how each of the subsystems operated. This knowledge was of extreme value to the program
in the early debugging flights. Al White went through all the required training to be the backup pilot to Crossfield
and trained for several years and was not even allowed one flight; that's dedication! I would like to call attention
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again that when all is said, Hartley Soulé was the glue that held this project inline. Any organization can use people
with his gift of technical competence and gentlemanly persuasiveness. For myself, I always admired Hartley Soulé
and enjoyed his company.

I have been very proud and pleased to be associated with this project and those who participated. They were
all excellent, dedicated people. And I am certain that the participants are all very proud of the fact that the NASA
has declared the X-15 the most successful research airplane project they have ever had, and I guess that record
still stands.

Now the last figure, number 18, which is self explanatory and gives the highlights of the X-15 history.
At this point I would like to thank you for your attention.
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(Audience)

(Storms)

{Audience)

(Storms)
(Williams)

(Storms)

QUESTIONS AND ANSWERS

How much were digital computers used in the X-15 design and simulation?

A tremendous amount. We had an iron bird that had all of the hydraulics in it, with all the
control systems on the computer. We had two sets of computers: the first set was analog.
Finally we got digital computers and put them there and it seemed to work out pretty well. I
don’t think we could have done it more completely even though we thought we were doing it
completely at the time.

The subject is speed brakes. You haven’t mentioned anything about your thoughts about why
you put the speed brakes on the X-15. T had the good fortune to do a lot of flight planning, and
speed brakes came to be a very useful device for lots of different things all the way out to the
highest Mach number flights. We’re having trouble getting the X-30 designers to appreciate
the significance of a device of this type.

I’'m not exactly sure at this point. Do you remember, Walt?
I think as much as anything it was for modulation of L/D. Energy management.

It’s primarily an operational aid. It doesn’t cost all that much to put it on, so why not put it
on and have it there? We even had speed brakes on the Sabreliner.
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Figure 13. Hydraulic system challenges.
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X-15: THE PERSPECTIVE OF HISTORY

Dr. Richard P. Hallion

Good aftemoon. It is a pleasure to be here today discussing the X-15. Unlike the rest of the speakers, I never
had the opportunity to play any role whatsoever in the story of the X-15. I know what you’re thinking: “Here we
work all these years, and this guy shows up in time for the party.”

In fact, never having had the opportunity to see the X-15 fly, much less to play any sort of role in its story, is one
of my great regrets, for I believe that, as time goes on and as our perspective on the history of aviation improves, the
significance of the X-15 becomes even more apparent.

Two major events occurred in aerospace in 1969. One of these, which has already been deservedly celebrated
and will continue to be so, is, of course, the voyage of Apollo 11 to Tranquility Base (figs. 1 and 2). The second,
which is apparent to all of us, was the retirement of the X-15 (fig. 3) from flight testing after 199 flights. Between
these two programs were significant links. The most readily apparent was the selection of an X-15 veteran, Neil
Armmstrong, to command the Apollo mission. But there were less obvious, but nevertheless important, linkages
between the technology and management of the two programs, and it is worth noting a few of these.

The X-15 follow-on program, approved in 1962, oriented X-15 research towards the national space effort. An
MIT-sponsored horizon definition experiment benefited navigation equipment used on Apollo for the return to Earth,
and the X-15 carried experimental insulation test panels evaluated for use on the Saturn booster. The so-called High
Range developed for the X-15 (fig. 4)—more precisely called the Project 1226 Radar Range—anticipated and influ-
enced the subsequent NASA Manned Spacecraft Tracking Network that supported the Mercury, Gemini, and Apollo
programs, and expanded, then, to meet the subsequent needs of the Apollo-Soyuz Test Project, Skylab, and shut-
tle. The requirement for full-time physiological protection for the X-15s pilots led to creation of the first practical
“production” space suits, and subsequently influenced suit development for the national space program (fig. 5). The
X-15 was a true aerospace system, operating both within and outside the atmosphere (fig. 6). On August 22, 1963,
NASA pilot Joe Walker (fig. 7) reached an altitude of 354,200 ft (67 mi), performing a shuttle-style reentry from
that altitude. Simulation requirements for the X-15 led to a variety of imaginative inflight approaches (figs. § and 9)
that complemented ground simulation developments. The NACA-NASA management team that had administered
the early X- series program at the Flight Research Center was deservedly plundered to provide key personnel for the
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manned space effort, and, because of this—and in contrast to the Soviet space program—they brought a pronounced
flight test philosophy into the running of the space program. Indeed, during the critical early days of both the X-15
and Project Mercury, Paul Bikle spoke for many when he termed them a*. ., parallel, two-pronged approach to solv-
ing some of the problems of manned space flight. While Mercury was demonstrating man’s capability to function
effectively in space, the X-15 was demonstrating man’s ability to control a high-performance vehicle in a near-space
environment” (fig. 10). This figure, from 1961, demonstrates how program planners envisioned the partnership of
the X-15 and the Mercury programs. So the X-15 contributed greatly to what we may call the technological culture
of the national space program. John Becker, one of the X-15s founding fathers, recognized its uniqueness in 1969
when he received the Eugen Singer Medal on behalf of the X-15 team, remarking that “The X-15 program was the
first major investment of the United States in manned aerospace flight technology.”

It was Eugen S#nger, in fact, who had first proposed the development of winged hypersonic vehicles, starting
in the late 1920’s (fig. 11), continuing with his antipodal aircraft studies of the 1930’s and 1940’s (fig. 12), and
this interest helped stimulate a climate that resulted in the first attempt at a high supersonic winged vehicle, the
A-4b of 1945 (fig. 13). In the postwar years, this interest continued via popularization by artist Chesley Bonestell
(figs. 14 and 15). But there was considerable technical interest as well, building on the accomplishments of the
X-1 and the early X-series (figs. 16 and 17), the experience of the advanced X-1's and X-2 (figs. 18 and 19), and
actual conceptual studies such as the Douglas D-558-3 (fig. 20) and the Drake-Carman studies conducted here at
Dryden (fig. 21). The result of this inter- and intra-agency activity spawned the X-15, which was, for its time, an
extraordinarily bold concept (fig. 22).

I think it is fair to state that the achievements of the X-15 greatly exceeded the expectations of its developers.
Intended primarily as a hypersonic aerodynamics research tool, it instead provided a wealth of information in many
other areas as well, including structures and materials, piloting problems, flight control system design and effec-
tiveness, the interaction of aerodynamic and reaction control systems, guidance and navigation, and terminal area
approach and landing behavior. It served as a testbed for a variety of space-related experiments, 28 of which were
in the field of space sciences, ranging from astronomy to micrometeorite collection. Overall, the X-15 was a fitting
successor to the X-1, for as the X-1 had furnished a focus and stimulus for supersonic research, the X-15 did so for
hypersonic studies. As of May 1968, the program had resulted in 766 technical reports, equivalent to the full-time
research effort of a 4000-person Federal research center working for 2 years.

In a special analytical study of the X-15 program completed in 1969, John Becker noted fully 66 accomplishments
from the X-15 program. A sampling of the more significant, based in large measure upon the Becker study, includes:

e Development and demonstration of the first large, restartable, “man-rated,” throttleable rocket engine, the
XLR-99.

First application of hypersonic theory and wind tunnel work to an actual flight vehicle.

Development of the wedge tail configuration to resolve hypersonic directional stability problems.

First use of reaction controls for attitude control in space (fig. 23).

o First use of a reusable superalloy structure capable of withstanding the anticipated temperatures and thermal
gradients of hypersonic reentry (fig. 24).

Development of new fabrication techniques for the machining, forming, welding, and heat treating of Inconel-X
and titanium.

Development of improved high-temperature seals and lubricants.

‘Development of the NACA Q-ball hot-nose flow-direction sensor for opcration over an extreme range of
dynamic pressures and a stagnation air temperature of 1900 °C.
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e Development of the first practical full-pressure suit for pilot protection in space.
e Development of nitrogen cabin air-conditioning.

o Development of inertial flight data systems capable of functioning in a high-dynamic pressure and space
environment.

e Discovery that hypersonic boundary layer flow was turbulent and not laminar.
e Discovery that turbulent heating rates were significantly lower than had been predicted by theory.

o First direct measurement of hypersonic skin friction, and the discovery that skin friction was lower than had
been predicted.

e Discovery of “hot spots” generated by surface irregularities.

» Discovery of methods 10 correlate base-drag measurements with tunnel test results so as to correct wind tunnel
prediction data.

e Development of practical boost-guidance pilot displays.

o Demonstration of a pilot’s ability to control a rocket-boosted acrospace vehicle through atmospheric exit.
e Development of large, supersonic drop tanks.

e Demonstration of successful transition from acrodynamic controls to reaction controls and back again.

e Demonstration of a pilot’s ability to function in a weightless environment.

s First demonstration of piloted, lifting atmospheric reentry.

o First application of energy management techniques to flight planning and terminal entry maneuvering.

o First development of a comprehensive real-time internetted flight test and safety range incorporating a mission
control center, flightpath predictive analysis, and physiological monitoring capabilities.

The X-15’s research program did not proceed with great smoothness or lack of difficulty (fig. 25). Indeed, one
of the important aspects of the X-15 experience was the degree to which it offered cautionary lessons for subsequent
high-performance vehicle development. While landing from its first glide flight, for example, the X-15 experienced
severe pitching motions due to inadequate control rate response, and only the skill of pilot Scott Crossfield (fig. 26)
prevented a loss of the aircraft. A series of ground and inflight accidents marred the contractor program, including
recalcitrant APU’s, engine fires, and explosions—one of which virtually destroyed the X-15 No. 3. Technical prob-
lems forced delays with the large XLR-99 engine that prevented the X-15 from achieving its Mach 6 design goal
until 1961.

During the remainder of the Government’s research program, annoying difficulties cropped up that had to be
addressed. The propellant system was plagued with problems afflicting its pneumatic vents and relief valves. Man-
ufacturing problems resulted in mechanics having to reject up to 30 percent of spare parts as unusable, a clear
indication of the difficulties of devising industrial manufacturing and acceptance test procedures when building a
system for use at the frontiers of science. Thermal stresses fractured the outer cockpit windshields, forcing a redesign
of the cockpit framing from Inconel to titanium, and replacement of the original soda-lime glass to alumina-silica
glass. Heating interactions from hot vortex flow generated by four expansion slots in the wing leading edge caused
wing skin buckling during a flight to Mach 5.3, forcing redesign and strengthening. Panel flutter plagued the X-15
at airspeeds above Mach 2.4, forcing panel redesign on both the X-15 and the proposed Boeing X-20 Dyna-Soar
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then under development. The original Sperry inertial guidance unit proved so unsatisfactory that it had to be re-
placed by a Honeywell unit first designed for the X-20. A complete electrical failure during a Mach 4+ climbout
past 100,000 ft would have resulted in the loss of one X-15, save for the superb piloting of Pete Knight (fig. 27)
who earned a well-deserved DFC for returning it safely to earth. An engine failure and subsequent landing gear col-
lapse resulted essentially in the destruction of the X-15 No. 2, which North American rebuiit as the much-modified
X-15A-2 (fig. 28).

Then, during preliminary testing of this aircraft, unanticipated thermal-induced stresses tripped the nose gear
downlock, resulting in two cases of Mach 5 gear extension. In both cases, excellent piloting by Bob Rushworth
(fig. 29) saved the day. On its maximum performance flight out to Mach 6.7 (fig. 30), piloted by Pete Knight, this
aircraft experienced near-destructive heating effects due to poor understanding—and consequent prediction—of
heating interactions and the ability of an experimental ablative coating to cope with the added stresses of a near-
Mach 7 thermal environment,

Finally, and tragically, a combination of a physiological predisposition to vertigo, distraction, and some control
system degradation from an electrical disturbance, and a total control system failure triggering a limit-cycle oscil-
lation of the Honeywell adaptive flight control system, led to the loss of the X-15 No. 3 and pilot Mike Adams in
November 1967. Contributing to the accident were inadequacies in the amount and type of information available to
ground controllers. These deficiencies were subsequently corrected.

Overall, the problems and nuances of X-15 operations meant that, on an average, the X-15 completed 1.77
flights/month, a figure comparing well with the shuttle’s own subsequent experience up to the loss of the Challenger
in 1986.

While the X-15 generally showed remarkable agreement between its flight results and those of ground predictive
tools, including wind tunnels and simulators, blunt aft end drag proved 15 percent higher on the actual aircraft than
tunnel tests had predicted. Oddly enough, the wedge tail, incorporated to improve hypersonic directional stability,
actually contributed to a potentially serious hypersonic roll instability and prevented the aircraft from being flown
safely at angles of attack greater than 20°. Removing the lower half of the ventral fin—designed to be jettisoned
anyway so that the landing skids could be employed—reduced stability, but greatly improved the pilot’s ability to
control the airplane. With the ventral off, the X-15 could now fly into the previously “‘uncontrollable” region, and,
indeed, was eventually flown on reentry profiles up to 26° AOA, with flightpath angles of —38° and speeds up to
Mach 6, presenting much more demanding piloting tasks than the shallow entries subsequently flown by manned
vehicles retuming from orbital or lunar missions. The relatively conventional straight-wing configuration of the
X-15 resulted in high-impact loadings at landing (fig. 31) and contributed to at least two accidents. A proposed
delta-wing modification to the X-15 never flew (following the loss of the X-15 No. 3), thus preventing a comparison
of landing, high-speed, and heating characteristics between the two configurations.

Nevertheless, despite a pethora of straight- and swept-wing orbiter studies during the conceptualization of the
shuttle (fig. 32) itself, there was little doubt that it would be a delta of some sort, in part because of the accumulated
data from the X-15 program, and companion efforts such as the ASSET (fig. 33), the cancelled X-20 Dyna-Soar
(fig. 34), and the lifting body effort (fig. 35).

Unexpectedly, aerospace medical researchers found that heart rates of X-15 pilots varicd between 145 and 180
beats/min in flight, compared 1o a norm of 70--80 beats/min for research flights in other aircraft. Researchers cven-
tually concluded that prelaunch anticipatory stress, rather than postlaunch physical stress, influenced the heart rate.

Overall, as I believe this quick overview of the results indicates, the X-15 was an important step on the road to the
space shuttle. Because of its development, researchers acquired a keen appreciation of how even small and seemingly
insignificant aspects of a configuration could have potentially profound implications for its safety and utility. Such
lessons cropped up on subsequent programs as well, including the contemporary Mercury, Gemini, Apollo, ASSET,
PRIME, and lifting body programs. Each technological generation has to leam this lesson for itself, however, and
it is unfortunate that the seven Challenger astronauts had to pay with their lives for others’ inadequate appreciation
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of this basic truth and seeming inability to leam from previous programs. The lessons were certainly there to be
studied, for the researchers of the X-15—you in the audience—did your jobs spectacularly well. You created the
finest and most productive of the research aircraft that we have yet seen, and you established a standard by which
all subsequent research aircraft programs must be judged. For this, I salute you. Thank you very much.,
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(Audience)

(Hallion)

QUESTIONS AND ANSWERS

How much did the Lockheed X-7 program contribute to the X-15?7

I personally never found any evidence that the X-7 contributed to the X-15. I have found
some interesting things on the X-7, however. One is the X-7 contributed first of all to the
design of the F-104's wing interestingly enough. They were looking at flutter margins on the
F-104’s wing and tried to model these, if you will, on the X-7. The X-7 was an interesting little
program. For those of you unfamiliar with it, it was basically a small, straight-winged vehicle
with a relatively conventional tail layout that was air-launched from B-29 or B-50 bombers,
basically the old Boeing Superfortress. It was powered by a series of ramjet engines, some of
which were fairly small, some of which were rather large. The contributions of the X-7, as far
as I can tell, were primarily related to evaluating the performance of ramjet engine technology
and not really related primarily to other acrospace vehicles per se. I would say that there may
have been some influence from that program, not on the X-15 but possibly, I would think, in
a tangential sense, on the SR-71 program or what became the SR-71 program.
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Figure 1. Launch of Apollo 11.
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Figure 2. Tranquility Base.



Figure 3. Return from X-15 final flight test.
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Figure 4. Project 1226 Radar Range.



Figure 5. Early example of a space suit.
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Figure 6. Aerospace environment of X-135 mission.



Figure 7. NASA research pilot Joe Walker.

67



Figure 8. F-100 simulates X-15 low L/D.
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Figure 9. Calspan variable stability T-33 aircraft.
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Figure 10. Reentry vehicle evolution.
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Figure 11. Eugen Singer’s winged hypersonic vehicle design (late 1920’s).
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Figure 12. Eugen Singer’s antipodal aircraft design (1930’s and 1940’s).
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Figure 13. The A-4b test vehicle of 1945.
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Figure 14. Artist Chesley Bonestell’s supersonic winged vehicle at launch.



Figure 15. Artist Chesley Bonestell’s supersonic winged vehicle reentry.

Figure 16. The X-1 supersonic research aircraft.
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Figure 17. The carly X-series aircraft.
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Figure 18. The X-1A aircraft.
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Figure 19.

The X-2 aircraft.



Figure 20. Artist’s concept of the Douglas D-558-3 aircraft.

79



08

ot
et

A
|
2

™

e /) et

|
|

Figure 21. The Drake-Carman studies two-stage design.
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